A b s t r a c t
We examined the predictors (cytologic interpretations, pathology review, human papillomavirus [HPV] testing results, and colposcopic impressions) of precancer among 545 women with clinical center biopsy diagnoses of cervical intraepithelial neoplasia (CIN) 2 in the ASCUS LSIL Triage Study. Among women with a CIN 2 biopsy result, there was an increasing likelihood that the loop electrosurgical excision procedure (LEEP) tissue sample was diagnosed as precancer (CIN 3) with an increasing number of clinical risk factors of cervical precancer (high-grade squamous intraepithelial lesion [HSIL] cytology, high-grade colposcopy, detection of HPV type 16; P trend < .0005). In a multivariate model, using a case definition of worst histologic diagnosis made by the quality control pathology review of biopsy and LEEP tissue samples, HPV-16 was positively associated (odds ratio [OR], 4.8; 95% confidence interval [CI], 2.6-8.8) with a CIN 3 diagnosis, whereas testing negative for HPV or positive for noncarcinogenic HPV types was negatively associated (OR, 0.32; 95% CI, 0.14-0.75) with a CIN 3 diagnosis. Although we found clear evidence that HPV-16 detection helped clarify whether a biopsy specimen diagnosed as CIN 2 represented HPV infection or cervical precancer, this relationship was not sufficiently robust to be clinically useful for reducing the overtreatment of women with HPV infection.
Prevention of cervical cancer has primarily relied on cytology-based screening, colposcopic evaluation of the cervix with biopsy of potentially abnormal tissue, and treatment of the lesion by excision or ablation of the cervical transformation zone for a biopsy specimen diagnosed as cervical intraepithelial neoplasia (CIN) grade 2 or worse. There is now strong epidemiologic, clinical, and laboratory evidence demonstrating that cervical infections by approximately 15 cancer-associated (carcinogenic) human papillomavirus (HPV) types cause virtually all cervical cancer and its precursor lesions. 1, 2 Based on the fundamental role of carcinogenic HPV as the necessary but not sufficient cause of cervical cancer, a new paradigm of cervical carcinogenesis had been developed based on 4 reliably measured stages: HPV acquisition, HPV persistence (vs clearance), progression to precancer, and invasion. 3 This conceptual model of HPV and cervical carcinogenesis has firm empirical support. It now seems unlikely that cancer develops according to a former morphology-based model of stepwise progression from normal to atypia to CIN 1 to CIN 2 to CIN 3 to cancer. 4 Nevertheless, histopathologic results remain the foundation of clinical care where screening and colposcopy programs have been established. In the United States and Europe, diagnosis of CIN 2 or worse is the clinical threshold leading to ablative or excisional therapy. However, CIN 2 as a separate diagnostic category remains a clinical enigma, given its poor reproducibility, 5 and there is evidence that CIN 2 is significantly more likely to regress than CIN 3. 6 In its most simple definition, CIN 2 is defined as "…the immature basaloid cells occupy up to two-thirds of the epithelial thickness but do not extend into the upper third of the epithelium. Similarly mitoses are found in the lower two-thirds of the epithelium but not in the upper third." 7 On biopsy, however, the orientation of the tissue specimen can make the distinction between CIN 1 and CIN 2 difficult to the point of arbitrary. Moreover, pathologists do not necessarily agree on additional cytomorphologic criteria for histologic diagnoses of CIN 2 or even the conceptual definition of whether a CIN 2 diagnosis should be considered a low-grade or high-grade lesion.
Thus, CIN 2 diagnoses may represent an equivocal diagnosis rather than a separate biologic stage in cancer development. It certainly overlaps with CIN 1, which is synonymous with signs of (usually recently acquired) HPV infection, and CIN 3, which is essentially carcinoma in situ. In its heterogeneity, CIN 2 may be in some ways conceptually analogous to ASCUS (atypical squamous cells of undetermined significance) cytology, which is an equivocally abnormal cytologic interpretation that represents an admixture of HPV-associated cytologic abnormalities and benign reactive changes. For ASCUS, carcinogenic HPV DNA testing clarifies true abnormality from the mimics, ie, carcinogenic HPV+ ASCUS poses a similar risk of precancer as cytologic low-grade squamous intraepithelial lesion (LSIL) and colposcopy is recommended, whereas carcinogenic HPV-ASCUS poses little risk for precancer and colposcopy is not recommended. 8 We do not know how to subdivide CIN 2 for optimal clinical management. Given the potential negative impact of the loop electrosurgical excision procedure (LEEP) on reproductive outcomes 9 and the frequency of CIN 2 in young women, there is value to increasing our understanding of CIN 2 with the hope of eventually distinguishing CIN 2 diagnoses that represent transient HPV infection from those that represent true precancer, which warrants treatment. As a first step, we sought to characterize the biopsy diagnoses of CIN 2 by the clinical center in the ASCUS and LSIL Triage Study (ALTS) by comparing this initial diagnosis with our reference biopsy diagnosis, the diagnosis of the tissue removed at LEEP treatment, and the worst diagnosis on biopsy or LEEP specimens as made by the Pathology Quality Control (QC) Group (QC Pathology Group).
Materials and Methods

Study Design and Population
ALTS was a randomized trial comparing 3 management strategies for 5,060 women with ASCUS (n = 3,488) or LSIL (n = 1,572) 10 : (1) immediate colposcopy (referral to colposcopy regardless of enrollment test results); (2) HPV triage (referral to colposcopy if enrollment HPV result by Hybrid Capture 2 [Digene, Gaithersburg, MD] was positive or missing or if the enrollment cytologic result was high-grade squamous intraepithelial lesion [HSIL]); or (3) conservative management (referral to colposcopy at enrollment if the cytologic result was HSIL). At enrollment, all women underwent a pelvic examination with collection of 2 cervical specimens, the first specimen in PreservCyt for ThinPrep cytologic examination (Cytyc, Marlborough, MA) and the second in specimen transport medium (STM, Digene). Women in all 3 arms of the study were reevaluated by cytologic examination every 6 months for 2 years and sent to colposcopy if the cytologic result was HSIL. An exit examination with colposcopy was scheduled for all women, regardless of study arm or prior procedures, at the completion of the follow-up. We refer readers to other references for details on randomization, examination procedures, patient management, and laboratory and pathology methods. 8, [10] [11] [12] [13] The National Cancer Institute, Bethesda, MD, and local institutional review boards approved the study, and all participants provided written informed consent.
HPV DNA Testing
HPV genotyping was performed using an L1-based polymerase chain reaction (PCR) assay that uses a primer set designated PGMY09/11 and was performed on the STM specimen 14 described in the preceding section, which was obtained at the time that the cytologic specimens were obtained rather than at the time of clinical follow-up when biopsies and LEEP were performed. Amplimers were subjected to reverse-line blot hybridization for detection of 27 individual HPV genotypes (6, 11, 16, 18, 26, 31, 33, 
Pathology and Treatment
Clinical management was based on the clinical center pathologists' cytologic and histologic diagnoses. There were 1 to 2 staff pathologists per clinical center (clinical center pathologists), who worked independently to review the cytologic and histologic results originating from their center.
ALTS-related materials were not identified or separately reviewed from other clinical materials in routine practice. No training of the clinical center pathologists was conducted, and no diagnostic criteria were provided to clinical center pathologists, ie, they used the same criteria that they used in the daily sign-out. No conferences were held regarding cases. Thus, the clinical center evaluations were independent to ensure "realworld" or representative community diagnoses in ALTS.
In addition, all referral smears, ThinPrep specimens, and histologic slides were sent to the QC Pathology Group based at the Johns Hopkins Hospital, Baltimore, MD, for review and secondary diagnoses. The a priori trial design of ALTS was to use QC Pathology Group-adjudicated interpretations as "truth," and the conclusions derived from that predetermined decision are partially reflected in the data presented herein.
Initial QC review was randomly assigned to 1 of 4 QC pathologists. The QC review was masked to the clinical center interpretation and all other test results. The QC Pathology Group reviewed biopsy and LEEP specimens independently such that the pathologists had no knowledge of which biopsy specimen was related to which LEEP specimen.
The present analysis is based on the comparison of clinical center with first QC interpretations. When the first QC reviewer disagreed with the original clinical center interpretation, additional reviews were performed, 5,10 including reviews for the tiny fraction of cases in which consensus adjudication was needed and 2 QC pathologists, knowing what the other pathologist diagnosed, performed a joint review at a multiheaded microscope. Although the QC algorithms and panel interpretations were used for ALTS to define disease end points, patients were managed by the original clinical center interpretations unless CIN 3 or cancer was suspected, in which case the final QC opinion was unmasked.
A CIN 2 or worse diagnosis based on the clinical center pathology or a CIN 3 or worse diagnosis based on QC Pathology Group review triggered treatment by LEEP. In addition, women with persistent LSIL or carcinogenic HPVpositive ASCUS at the time of exit from the study were offered LEEP.
Statistical Methods
Of the 5,060 women enrolled in ALTS, 545 women (10.8%) had a colposcopically directed biopsy specimen diagnosed as CIN 2 by the clinical center pathologist at enrollment or during the 2-year follow-up; for 524 women, this was the worst biopsy diagnosis by the clinical center. Of the 545 women (median age, 23 years; range, 18-52 years) with a clinical center biopsy diagnosis of CIN 2, 497 (91.2%) returned to the participating clinical center and underwent LEEP. We considered the QC Pathology Group diagnosis of the LEEP tissue sample at the follow-up visit as a more accurate measure of disease. LEEP removes the entire cervical transformation zone, permitting full pathologic evaluation of the susceptible tissue. We recognize, of course, that histologic diagnoses on LEEP specimens are still subject to interpathologist variability, particularly for low-grade disease, 5 and that in some cases, biopsy may have removed the entire area of precancerous lesion.
Therefore, in some analyses, we combined the QC Pathology Group review of biopsy and LEEP specimens into a worst QC Pathology Group diagnosis by using the most severe diagnosis of the two (eg, a woman with a biopsy specimen called CIN 2 and a LEEP specimen called CIN 1 by the QC Pathology Group had a worst QC Pathology Group diagnosis of CIN 2). We used this approach to help overcome misclassification of the disease and the possibility that the biopsy procedure ablated the lesion, which consequently could not be observed in the LEEP tissue specimen. In cases in which only 1 QC diagnosis was available (5 were missing a biopsy diagnosis, 46 were missing a LEEP diagnosis, and 2 were missing both), that diagnosis was used; 543 (99.6%) of 545 cases with a clinical center CIN 2 biopsy diagnosis had at least 1 QC diagnosis, and 492 cases had biopsy and LEEP diagnoses (90.3%). Two cases were excluded because they had no QC diagnosis (0.4%).
We first compared the worst biopsy diagnosis by clinical center for each woman with the QC Pathology Group diagnosis using κ statistics and percentage of agreement, and we used the symmetry χ 2 test to assess the difference in severity of the diagnoses made by the 2 groups. We compared the paired diagnoses with the percentage positive for any carcinogenic HPV and for HPV-16 (the most carcinogenic HPV type) and with the percentage of LEEP specimens with CIN 2 or worse and CIN 3. Specifically, a nonparametric test for trend in a variable across ordered groups was used to evaluate the relationships between the diagnoses by one pathology group, given a diagnosis of the other group, and the percentage with carcinogenic HPV, HPV-16, and LEEP diagnoses of CIN 2 or worse and CIN 3.
We compared the severity of disease (≤CIN 1, CIN 2, and CIN 3) on LEEP among all women who had a biopsy of CIN 2 with the results of QC Pathology Group review of the biopsy specimen (≤CIN 1, CIN 2, and CIN 3), cytologic interpretation of the liquid-based cytology (normal, atypical squamous cells [ASC], LSIL, and HSIL), colposcopic impression (<high-grade, high-grade), age at biopsy (18-21, 22-23, 24-27, and 28-52 years), and HPV risk group, and tested for statistical differences using the Pearson χ 2 . (NOTE: A small percentage of women had more than 1 specimen diagnosis as CIN 2 or worse, even after treatment by LEEP, 19 and were excluded from these analyses. This explains the discrepancy between the number of women who had any CIN 2 biopsy diagnosis and the number of women whose worst biopsy diagnosis was CIN 2.) The colposcopic impression (<high-grade, high-grade) at the LEEP procedure was highly concordant with the colposcopic impression at time of the biopsy (99% agreement), so only the latter was used. We then examined the trends of the absolute risk of CIN 3 on LEEP specimens for combinations of QC Pathology Group review of the biopsy specimen, cytologic interpretation, and colposcopic impression and tested for statistically significant trends.
We used multinomial (polytomous) logistic regression 20 to calculate multivariate (adjusted) odds ratios (ORs) and 95% confidence intervals (CIs) for QC Pathology Group diagnoses of CIN 3 based on LEEP and based on the worst diagnosis of LEEP and biopsy by the QC Pathology Group for the aforementioned covariates and age, with less than CIN 2 as the reference outcome and CIN 2 as a distinct intermediate so as to not combine the CIN 2 with less than CIN 2 or CIN 3. Models also adjusted for the clinical center of the patients.
A P value of less than .05 was considered statistically significant. Stata version 8.2 (Stata, College Station, TX) was used for all statistical analyses.
Results
Comparison of Clinical Center and QC Pathology Biopsy Diagnoses
❚Table 1❚ shows the crude agreement of the clinical center and QC Pathology Group review of biopsy specimens throughout the 2-year study and the relationship of the paired diagnoses to detection of carcinogenic HPV and HPV-16. The κ for 2 reviews was 0.49 (95% CI, 0.47-0.51), with a percentage of overall agreement of 64%. This κ was very similar to that previously reported between 2 groups of pathologists evaluating the baseline diagnoses of biopsy specimens, 0.46 (95% CI, 0.43-0.49), although in that analysis, no distinction was made between CIN 2 and CIN 3. 5 There was an overall tendency for clinical center pathology to make a more severe diagnosis than the QC Pathology Group (P < .00005) primarily because the clinical center pathology diagnoses of ASC or CIN 1/LSIL were often called normal by the QC Pathology Group.
Agreement on CIN 2 (median age, 23 years; mean age, 24.9 years; SD, 5.9 years) was poor (data not shown). Of the 523 clinical center biopsy diagnoses of CIN 2 and any QC Pathology Group biopsy diagnosis, only 227 (43.4%) were also diagnosed as CIN 2 by the QC Pathology Group, with 153 (29.3%) being called less than CIN 2 and 143 (27.3%) being called CIN 3 by the QC Pathology Group. There was no significant difference in age of patients whose diagnoses were given as less than CIN 2, CIN 2, or CIN 3 by the QC Pathology Group.
Relationships of Biopsy Diagnoses and Carcinogenic HPV and HPV-16 Detection
There was a strong trend of increasing likelihood of testing positive for carcinogenic HPV (P trend < .00005) and for HPV-16 (P trend < .00005) with an increasingly severe diagnosis by the QC Pathology Group for a given diagnosis by clinical center pathology (Table 1) . Likewise, there was a strong trend of increasing likelihood of testing positive for carcinogenic HPV (P trend < .00005) and for HPV-16 (P trend < .00005) 
Relationships of Clinical Center Biopsy Diagnoses and QC LEEP Diagnoses
Of the 497 women who had a clinical center biopsy diagnosis of CIN 2 and a QC Pathology Group-reviewed LEEP specimen, only about 25% had a QC LEEP diagnosis of CIN 2, with most being given a diagnosis of CIN 1 or less severe (~48%) or CIN 3 (~25%) (data not shown). The severity of QC Pathology Group review of the clinical center-diagnosed CIN 2 biopsy samples (P < .0005), interpretation of the liquid-based cytology (<HSIL or HSIL) from the immediately preceding clinical visit (P < .0005), the clinical center colposcopic impression (<high-grade or high-grade) (P < .0005), and HPV risk group (P < .0005) were strongly and positively associated with increasing severity of the QC Pathology Group LEEP diagnosis (<CIN 2 vs CIN 2 vs CIN 3) ❚Table 2❚. Age at biopsy was only weakly associated with diagnosis based on the QC Pathology Group review of the LEEP tissue samples (P = .03). Time between biopsy and LEEP was not associated with the QC Pathology Group LEEP diagnosis (P = 0.2; nonparametric test of trend).
When cytologic interpretation, colposcopic impression, and QC Pathology Group review of the biopsy sample were combined, a gradient of increasing risk of a QC Pathology Group LEEP diagnosis of CIN 3 could be constructed (P trend < .0005) ❚Figure 1❚. At the extremes, 9.2% of women with less than HSIL cytologic findings, less than high-grade colposcopic findings, and a clinical center CIN 2 biopsy diagnosis down-graded by QC to less than CIN 2 had a QC Pathology Group LEEP diagnosis of CIN 3, whereas 55.3% of women with an HSIL cytologic diagnosis, high-grade colposcopic findings, and a CIN 2 biopsy diagnosis up-grade to CIN 3 had a QC Pathology Group LEEP diagnosis of CIN 3. By using a multivariate model, we examined among women with a clinical center-diagnosed CIN 2 biopsy specimen the associations of the aforementioned factors with having a subsequent QC Pathology Group LEEP diagnosis of less than CIN 2 or CIN 3 ❚Table 3❚. With less than CIN 2 as the reference end point, there was a 2-to 3-fold greater likelihood of having a QC Pathology Group LEEP diagnosis of CIN 3 if the cytologic interpretation was HSIL (vs <HSIL), colposcopic impression was high-grade (vs <high-grade), or PCR was positive for HPV-16 (vs carcinogenic HPV without HPV-16). By comparison, there was a 2-to 3-fold reduced likelihood of having a QC Pathology Group LEEP diagnosis of CIN 3 if a CIN 2-diagnosed biopsy was called less than CIN 2 on review by the QC Pathology Group (vs CIN 2) or if the PCR was negative or positive for noncarcinogenic HPV types (vs carcinogenic HPV without HPV-16). The youngest women (18-21 years) were less likely (OR, 0.48; 95% CI, 0.24-0.97) and the oldest women (28-52 years) were more likely (OR, 1.5; 95% CI, 0.73-3.0) to have a QC Pathology Group LEEP diagnosis of CIN 3 than women 22 or 23 years old, although the latter finding was not significant; however, by using the youngest group of women as the referent group, there was a significant trend of increasing age and increasing likelihood of a QC Pathology Group LEEP diagnosis of CIN 3 (P trend = .004).
Relationships of Clinical Center Biopsy Diagnoses and Worst QC Diagnoses
❚Table 4❚ shows the relationship of the paired QC Pathology Group diagnoses of biopsy and LEEP specimens, the combination of which was used to create a worst QC Pathology Group diagnosis, and the percentage of women in each combination who tested positive for carcinogenic HPV and for HPV-16. Of the women with any CIN 3 diagnosis (biopsy or LEEP) and for whom the LEEP tissue samples were reviewed (regardless of the diagnosis of the other tissue), 94% or greater tested positive for carcinogenic HPV and 50% or greater tested positive for HPV-16. Similar percentages of women tested positive for carcinogenic HPV and HPV-16 if both the biopsy and LEEP specimens were called CIN 2. Women who were given a diagnosis based on biopsy and LEEP specimens as less than CIN 2 were the least likely to test positive for carcinogenic HPV (74%) and for HPV-16 (18%). When QC Pathology Group diagnoses of biopsy and LEEP were combined into a worst QC Pathology Group diagnosis, diagnoses of CIN 3 were 95% positive for carcinogenic HPV and 60% positive for HPV-16. Finally, we used a worst QC Pathology Group diagnosis as our end point ❚Table 5❚. Testing positive for HPV-16 was strongly associated with a diagnosis of CIN 3 (OR, 4.8; 95% CI, 2.6-8.8), whereas testing negative or positive for noncarcinogenic HPV types was negatively associated (OR, 0.32; 95% CI, 0.14-0.75) with a diagnosis of CIN 3. Having an HSIL cytologic interpretation by the clinical center pathologist was associated with a CIN 3 diagnosis (OR, 2.1; 95% CI, 1.2-3.7). Having a colposcopic impression of high-grade was marginally associated with having a CIN 3 diagnosis (OR, 1.7; 95% CI, 0.91-3.1).
Discussion
We demonstrated in ALTS, a randomized clinical trial with rigorous pathology review, that the majority of women with a CIN 2 diagnosis on biopsy by the clinical center pathologists were not subsequently given a diagnosis of CIN 2 based on the review of the LEEP tissue samples by the QC Pathology Group. We demonstrated that some covariates were correlated with our best diagnosis of disease, ie, women who had riskier HPV types were more likely to have a diagnosis of CIN 3 by the QC Pathology Group review of biopsy or LEEP specimens or the worst of the two. No. of cases (5) 99 (18) 56 (10) 61 (11) 19 (4) 
Comparison of Clinical Center and QC Pathology Biopsy Diagnoses and HPV Detection
We observed that a biopsy diagnosis of CIN 2 by either pathology group was the least likely to be confirmed by the other. Compared with concordant diagnoses, there was a consistent general trend for the percentage of women testing positive for HPV-16 to track with the severity of the second diagnosis. We infer that HPV risk group may be a useful marker for clarifying disease severity, given the recognized uncertainty of histopathologic diagnoses. 5 The κ values reported herein for the interrater agreement for diagnoses of cervical biopsy specimens were within the wide range of previously reported values in other studies (reviewed by Malpica et al 21 ) . In another comparably large study of interrater agreement on cervical biopsy specimens, 21 the authors observed high interpathologist and intrapathologist agreement but low interinstitutional agreement, the latter of which had κ values similar to those observed and may be closer in analytic design to the design used for the present study. Thus, the level of agreement in this analysis was not exceptional compared with other studies that have examined this issue.
Relationships of Clinical Center Biopsy Diagnoses and QC LEEP Diagnoses
We found that about 75% of women with a clinical center biopsy diagnosis of CIN 2 had no worse than CIN 1 or an HPV infection (<CIN 2; ~48%) or had precancer (CIN 3; ~27%) based on QC Pathology Group diagnoses of LEEP specimens. That is, a clinical center biopsy diagnosis of CIN 2 had only a 52% predictive value for a CIN 2 LEEP or more severe diagnosis and 27% for a CIN 3 LEEP diagnosis. When the clinical center pathologists and QC pathologists diagnosed CIN 2 or worse on a biopsy specimen, it was much more likely that the subsequent LEEP specimen was diagnosed as CIN 2 or worse or CIN 3 or worse, and this outcome was strongly correlated with a greater fraction of women testing positive for HPV-16.
We also documented that several factors, such as cytologic interpretation of HSIL and colposcopic impression of highgrade disease, were associated with a QC Pathology Group LEEP diagnosis of CIN 3. When cytologic, colposcopic, and biopsy review results were combined as a possible surrogate for lesion size, there was an increasing probability of a QC Pathology Group LEEP diagnosis of CIN 3 with an increasing number of clinical indicators of precancerous lesions. By contrast, a QC Pathology Group LEEP diagnosis of CIN 2 was largely independent of these risk factors (P trend = .7; data not shown). That is, although the likelihood of a CIN 3 or CIN 1 LEEP diagnosis was directly related to other correlative measures of a high-or low-grade lesion, the proportion of CIN 2 LEEP diagnoses was relatively constant in all subsets of women with a CIN 2 biopsy result (eg, 22% of women with a QC Pathology Group review of a biopsy diagnosis of <CIN 2, QC cytologic findings of <HSIL, and colposcopic impression of <HSIL had a CIN 2 LEEP diagnosis vs 21% of women with a QC Pathology Group review biopsy diagnosis of CIN 3, QC cytologic findings of HSIL, and colposcopic impression of high-grade had a CIN 2 LEEP diagnosis). This strongly suggests that CIN 2 diagnosed on a LEEP sample is not a real disease state but a misclassification of biologic CIN 3 or CIN 1 (HPV infection) that is independent of other clinical markers of precancer.
Relationships of Clinical Center Biopsy Diagnoses and Worst QC Diagnoses
One limitation to our analysis comparing biopsy with LEEP diagnoses is the possibility that some biopsy procedures may have resulted in near or complete removal of the lesion. However, the documented inaccuracies of colposcopy 22 would argue against the notion that most lesions were eradicated by the biopsy because colposcopy often misses the most severe pathology. Also, the clinical indications that correlated with the severity of QC Pathology Group LEEP diagnosis were essentially determined before the biopsy, eg, the specimens for cytology and HPV testing were obtained at the screening visit immediately preceding the colposcopic examination during which the colposcopic impression led to a CIN 2 biopsy result. If biopsy eliminated the lesion completely, we would anticipate no associations between these factors and the observed diagnosis on the LEEP specimen. Complete excision of the lesion by the biopsy, as is possible, would lead to an underdiagnosis of disease, using LEEP as a standard and, therefore, an underestimate of underlying disease associated with a CIN 2 biopsy result. In the context of ALTS, a clinical trial of young women with small precancerous lesions, 23 the likelihood of a well-placed biopsy removing the entire lesion is juxtaposed with the uncertainty of a good representation of the lesion by colposcopically directed biopsy when it is not well placed.
To correct for possible misclassification and to avoid biasing against the smallest lesions that might be most impacted by biopsy, we combined the QC Pathology Group diagnosis of the biopsy and LEEP specimens into a worst histologic categorization. We still found that about 20% were reclassified as no worse than CIN 1 or HPV infection (<CIN 2) and about 41% were reclassified as CIN 3. Of the 188 called CIN 2 on biopsy or LEEP samples, more than half (~63%) represented less than CIN 2-CIN 2 combinations, ie, the biopsy or LEEP specimen was called less than CIN 2 and the other was called CIN 2. Notably, these cases were less likely to test positive for carcinogenic HPV or for HPV-16 than when the biopsy and LEEP specimens were called CIN 2 or at least 1 tissue sample was called CIN 3. In the latter case, women were more likely to test positive for carcinogenic HPV or for HPV-16 than when both diagnoses were called less than CIN 2, suggesting that many of these cases were not precancer. Thus, combining diagnoses led to better identification of CIN 3 but also to some misclassification of disease by diagnosing some cases of HPV infection as CIN 2.
Of note, when QC Pathology Group diagnoses of the biopsy and LEEP specimens were combined to obtain the worst histologic diagnosis, the HPV risk group association strengthened, with HPV-16 being strongly associated with having CIN 3 and testing PCR negative or positive for noncarcinogenic HPV types being negatively associated with CIN 3 (or associated with <CIN 2). Although these patterns are unlikely to be useful in making clinical decisions about who gets treated, the greater prevalence of HPV-16 in exfoliative cervical cells preceding biopsies and LEEPs with results of CIN 2 or worse or CIN 3 suggests a possible role of HPV-16 testing in the quality assurance of histopathologic diagnosis, analogous to the use of carcinogenic HPV testing to monitor cytologic interpretations, 24 particularly of ASCUS. Given the high absolute risk of cervical precancer and cancer attributable to HPV-16 infections, 25, 26 even among women with normal cytologic findings, it seems likely that the next generation of commercially available, validated HPV tests will at least include type-specific detection of HPV-16 and HPV-18. Monitoring the correlation of HPV-16 detection with severity of histopathologic diagnosis could reduce systematic overcall and thereby reduce unnecessary treatment.
Conclusions
Our data are more consistent with a newer model of cervical carcinogenesis, 3 HPV acquisition, HPV persistence, progression to precancer (CIN 3), and invasive cancer than a morphology-based model of incremental progression from normal to atypia to CIN 1 to CIN 2 to CIN 3 to cancer. In particular, we provide evidence that CIN 2 is not a true biologic entity but an equivocal diagnosis of precancer, representing an admixture of HPV infection and precancer. The existence of CIN 2 biopsy results as a clinical entity may be the consequence of the inaccuracies of colposcopy and colposcopically directed biopsy, which could result in less-than-perfect representation of the underlying disease state. That CIN 2 is the least reproducible of all histopathologic diagnoses may in part reflect sampling error, 5 ie, the biopsy procedure could make a CIN 1 or HPV infection appear worse by sampling the lesional area diagonally and, thereby, make the lesion appear thicker and could make a CIN 3 lesion appear less severe by only partially sampling the precancerous lesion.
We acknowledge an important limitation of this analysis. The median age of all women with diagnoses of CIN 2 and CIN 3 in ALTS was 23 years, which may be a younger median age than found in routine clinical practice. This younger age may be attributed to the aggressive management leading to early detection of smaller lesions. 23 Thus, the conclusions of this study may not generalize to all populations. Yet, ALTS was designed to be demographically representative of the broader US population, and it is difficult to envision how the analysis presented herein could be biased by a younger median age given that diagnostic criteria for CIN are generally not age-biased.
It is perhaps apparent but important to reemphasize that CIN 2 is a clinical end point of potential worth to ensure safety of treatment protocols, but it has severe limitations when included with CIN 3 as a surrogate end point for etiologic studies of cervical cancer. This may partially account for the greater clearance rates observed for CIN 2 vs CIN 3 in some studies, [27] [28] [29] especially when diagnostic criteria are varied, just as they are for cytologic interpretations. 30 In ALTS, we observed indirect but convincing evidence of CIN 2 regression because there were 40% fewer cases of cumulative CIN 2 during 2 years in the conservative management arm because of less sensitive detection of CIN 2 at baseline than in the other 2 arms of the study; by comparison, we observed no difference in the number of cumulative CIN 3 cases by trial arm. 12, 13 Studies evaluating the prevention or treatment of CIN 2 and CIN 3, such as therapeutic vaccines, need to take into account that many of the women with a CIN 2 biopsy diagnosis have an infection destined to clear even in the absence of an intervention. Some interventions may hasten the clearance of a subset of CIN 2 cases that are infections rather than precancer. For example, in light of our data, the observed increase of clearance of CIN 2 in women younger than 25 years vaccinated with a therapeutic vaccine (vs placebo) 31 is probably due to increased clearance of HPV infection rather than precancer.
In ALTS, it is interesting to note that despite the clinical relevance of a CIN 2 biopsy result, it was no better at detecting or predicting a precancerous lesion, QC Pathology Group diagnosed CIN 3, than HPV-16 detection or HSIL cytologic findings. That is, the 2-year absolute risk of CIN 3 or worse, as diagnosed on a LEEP or biopsy specimen by the QC Pathology Group, was similar for a biopsy sample diagnosed as CIN 2 by clinical center pathologists (~41%), HPV-16 detection (~35%), 25 and HSIL cytologic interpretation by the clinical center (~44%). 32 Although several factors, like HPV-16 detection, were statistically significantly associated with our best measurements of underlying disease, it is important to recognize that none were sufficiently strong indicators for use in clinical practice, which requires a strength of association (OR) of about 25 to be clinically useful. 33 For example, even among women with either PCR negative results or who tested positive for noncarcinogenic HPV types, about 9% had a QC Pathology Group LEEP diagnosis of CIN 3, most likely a function of sampling error. Alternatively, these cases certainly could be the result of misclassification of the QC diagnosis given the observed interrater variability of pathology 5 rather than truly missed CIN 3 diagnoses.
The use of colposcopy-directed CIN 2 biopsy as the clinical threshold of treatment provides a clear margin of safety against "missed" CIN 3 (called CIN 2) but likely results in significant overtreatment of misclassified benign conditions (<CIN 2 called CIN 2). Distinguishing these 2 states of cervical cancer risk, HPV infection vs precancer, is an unresolved but important clinical issue. Excisional treatment based on CIN 2 warrants further consideration, especially in younger women, given the impact of LEEP on pregnancy outcomes. 9 Effective nonsurgical treatments, such as cryotherapy, and the development of effective topical chemopreventives and therapeutic vaccines for women given diagnoses of CIN 2 on biopsy could directly benefit women by reducing the unnecessary surgical treatment of benign conditions. Elimination of the CIN 2 diagnosis by improving the distinction between HPV infection and its manifestations and precancer by using stricter criteria or molecular markers for distinguishing the 2 conditions would also accomplish the same goal. We continue to explore both approaches to improving biopsy-based diagnosis. However, given the inherent limitations of the biopsied tissue itself owing to the de facto errors of colposcopy 22 and biopsy, it is unclear whether clinically useful greater diagnostic accuracy using biopsied tissue samples is achievable. Given our inability to accurately distinguish between HPV infection and precancer among women with a biopsy diagnosis of CIN 2, destructive treatment of such lesions remains warranted to maximize safety.
